Signal transducer and activator of transcription 1 (STAT1) has been classically defined as an oncosuppressive transcription factor. Early studies showed that STAT1 activates anti-proliferative and pro-apoptotic genes in tumor cells. Moreover, a large body of evidence demonstrated that the interferon γ (IFNγ)-mediated activation of STAT1 is associated with antiviral and antitumor immunity.[@R1] In line with this notion, *Stat1^−/−^* mice are more prone to mammary tumorigenesis than their wild-type counterparts.[@R2]^,^[@R3] Nonetheless, evidence is mounting against the univocal role of STAT1 as a tumor suppressor. For example, STAT1 expression is upregulated in several late-stage human cancers, including metastatic lesions,[@R4]^,^[@R5] and high STAT1 levels have been suggested to constitute a predictive marker for poor survival, as well as for chemo/radiotherapy resistance among breast carcinoma patients.[@R6] Still, many of these studies only provided a correlative association between STAT1 and disease progression.

We have recently provided direct, causal evidence suggesting that STAT1 exerts tumorigenic effects in a syngeneic mouse model of breast cancer.[@R7] In this model, TM40D-MB cells implanted into the mammary fat pads of BALB/c mice generated mammary tumors that were more aggressive and exhibited an increased metastatic potential as compared with those developing from parental TM40D cells. A microarray-based comparison of the transcriptional signature of TM40D and TM40D-MB cells revealed alterations in genes related to the immune control of tumor progression. Interestingly, many IFNγ-activated genes were indeed upregulated in TM40D-MB cells, including *STAT1* (with a 4-fold change in expression levels). We next confirmed that *STAT1* is significantly overexpressed in human biopsies from invasive breast carcinoma patients, as compared with ductal carcinoma in situ (DCIS) specimens.

To determine whether STAT1 promotes breast cancer progression, mouse mammary carcinoma cell lines expressing STAT1 to various levels were generated. These cells were then implanted into the mammary fat pads of BALB/c mice and tumor progression was monitored. The constitutive overexpression of STAT1 in TM40D-STAT1 cells dramatically enhanced tumor growth and aggressiveness as compared with wild-type TM40D tumor cells. Conversely, a small hairpin RNA (shRNA) constitutively targeting STAT1 expression in TM40D-MB cells significantly delayed tumor growth.[@R7]

To gain further insights into the mechanisms whereby STAT1 stimulated breast cancer progression, we determined whether the transcriptional activity of STAT1 regulates the expression of pro-inflammatory and immunosuppressive cytokines. Our data indicated that tumor necrosis factor α (TNFα), transforming growth factor β (TGFβ), and interleukin-13 (IL-13) are all upregulated by STAT1. These factors are known to recruit and stimulate the function of cells that inhibit antitumor immune responses. We then proceeded to check what type of immunosuppressive cells is recruited to the STAT1-overexpressing tumor microenvironment. Using both human and mouse breast tumor samples, we showed that STAT1 overexpression results in significantly increased numbers of myeloid-derived suppressor cells (MDSCs). Indeed, the shRNA-mediated knockdown of STAT1 in murine tumors limited their infiltration by Gr1^+^ MDSCs. Functionally, these Gr1^+^ MDSCs exhibited high arginase activity and exert suppressive activity against effector T cells. Using both flow cytometry and immunohistochemistry, we also showed that the recruitment of MDSCs by STAT1-expressing tumors caused a significant decrease in the amount of tumor-infiltrating CD4^+^ and CD8^+^ T cells. This suggests that STAT1 expression by tumor cells suppresses the infiltration of CD4^+^ and CD8^+^ T cells, thereby disabling potent effectors of adaptive antitumor immunity.

The novel function of STAT1 that we uncovered is actually at odds against the prevailing view of STAT1 as an oncosuppressive transcription factor. Such a discrepancy between our data and those of others may reflect (at least in part) the expression levels and activation status of STAT1 in epithelial cells. In our study, tumor cells expressed constitutively active STAT1 and IFN-associated cytokines, which was shown to drive tumor progression. Moreover, the effects of STAT1 on tumor growth may depend on intrinsic properties of malignant cells and their microenvironment. It has been reported that stromal signals stimulate STAT1 and IFN-associated genes in estrogen receptor (ER)^−^ but not ER^+^ tumors or normal epithelia.[@R8] This suggests that ER^−^, but not ER^+^, cells respond to inflammatory factors by activating a signal transduction cascade that impinges on STAT1.

Of note, recent data indicate that IFNγ, the main inducer of STAT1 signaling, also plays contrasting roles in oncogenesis.[@R9] Indeed, while IFNγ is usually associated with antiproliferative and pro-apoptotic effects for malignant cells, several lines of evidence point to IFNγ as to a pro-tumorigenic agent, at least in some circumstances. For instance, IFNγ has been shown to enhance the metastatic potential of TS/A tumor cells and their resistance to the cytotoxicity of natural killer (NK) cells.[@R9] It appears that the pro- or anti-tumor effects of IFNγ exhibit a high degree of context-dependency, varying with tumor type, microenvironment factors, and signal transduction-related factor.[@R9] The same may hold true for STAT1. Finally, while our study identified TNFα, a factor secreted from STAT1-overexpressing malignant cells, as a key player in the recruitment of MDSCs to neoplastic lesions, other tumor-derived factors/cytokines may be involved in this process. These factors can either recruit MDSCs directly or indirectly, through other stromal/immune cells that in turn produce MDSC-recruiting cytokines ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** Pro-tumorigenic functions of STAT1 in breast cancer. Mammary tumors overexpressing signal transducer and activator of transcription 1 (STAT1) secrete tumor necrosis factor α (TNFα), transforming growth factor β (TGFβ), and interleukin-13 (IL-13), which drive the recruitment and immunosuppressive activity of myeloid-derived suppressor cells (MDSCs). STAT1-overexpressing tumors may secrete additional factors that either attract MDSC directly or via other immune or stromal cells, in turn secreting MDSC-recruiting cytokines. MDSCs suppress the infiltration of tumors by cytotoxic T lymphocytes (CTLs) and CD4^+^ T cells, resulting in the evasion of malignant cells from immune control mechanisms.](onci-2-e25125-g1){#F1}

Based on our findings, we argue that traditional therapies aimed at activating STAT1 may not be effective against specific types of breast cancer. Rather, a therapeutic approach against STAT1 should be used to treat advanced breast cancers, in particular ER^-^ and chemotherapy-resistant lesions that display high STAT1 expression levels. Since STAT1 is also required for the function of MDSCs,[@R10] specific STAT1 inhibitors may block both the ability of tumor cells to recruit MDSCs and the immunosuppressive activity of the latter. For this reason, understanding the mechanisms that underlie the activity of IFNγ and STAT1 in oncogenesis and tumor progression may provide a paradigm shifting-strategy to combat advanced breast cancer.

Previously published online: [www.landesbioscience.com/journals/oncoimmunology/article/25125](http://www.landesbioscience.com/journals/oncoimmunology/article/25125/)

MDSC

:   myeloid-derived suppressor cell

NK

:   natural killer

STAT1

:   signal transducer and activator of transcription 1

Treg

:   regulatory T cell

No potential conflicts of interest were disclosed.
